The aim of this search was to identify the 101 top cited articles in the field of oil spill remediation. A search was conducted based on a database of
Introduction
Modern industrial society is built and ruled by petroleum hydrocarbons. There is a rapid rise in petroleum consumption and as a result, annually huge amounts of hydrocarbons are discharged into the environment, either accidentally or deliberately. Oil spillage has been a common problem with shell companies, nations and our environment; however, this issue going to be a significant source of oil pollution in water and soil (Bolliger, 2000) . Therefore, after having a full-fledged case study of oil spills, we are able to come up with a suitable solution to remediation of pollution. During the recent decade there is a concern about the issues as evidenced from increasing impact of environmental science journals and citation analysis (Khan and Ho, 2012) .
The number of times cited an article that published and has been cited by other authors is known as a one of the common methods for evaluating the academic importance of a paper and identify those researchers who have made high impact in a specific area of knowledge, over time (Moed, 2009) . So, the one most cited article can made considered as the best manuscript (Ho, 2012) . Analysis of the most frequently cited articles may illustrate the effect of works of colleagues and provide a historical view on the scientific progress in the field of specialty (Norio et al., 2007) . However, the number of citations which an article received will describe the capacity of the article and impact character to generate changes in discussion and further research (Lefaivre et al., 2011) . Citation analysis as well, can help to indentify leaders among countries or institutions. At the individual level, name order of the authors shows that the first listed author who contributed more to work, writing of the manuscript and research (Kempers, 2002; Engers et al., 1989) .
It has been accepted that the corresponding author is the most important positions, whom very often is the first and the last (Costas and Bordons 2011) . In contrast, recent articles may not have had sufficient publication time to get high citation levels. There is no index to determine whether an article is more useful for other authors or to researchers who need to be cited in order to achieve personal promotion or financial support (Feijoo et al., 2013) .
The institute of scientific information (ISI) has compiled the most relevant bibliometric information of published scientific articles, since 1945 until now. While the science citation index as a tool to quantify citations, was not initiated until 1962. Recently this resource is called "Science Citation Index Expanded" and that is a form of Web of Science section (STR, 2014) .
Based on our knowledge this article is the first study that has reported the top cited articles in the field of the environmental remediation. This review is an attempt to identify the 101 articles related to oil spill remediation analyzed with regards to total citations, authors, centuries and institutions to help scholars and researchers to determine areas of research in this field that have been extensively addressed as well as the gaps that should be addressed.
Methods
A search for all articles relevant to "oil spill remediation" was conducted through the ISI Web of Knowledge database because this study only aimed to search for articles dealing with remediation and relevant issues. Online version of Science Citation Index Expanded (SCIE), accessed via Web of Science was adopted as the citation database. The following keywords were used to find articles (Fig 1) .
Figure 1. Keywords found from articles
The search results were filtered to exclude papers related to oil spill remediation. Proceedings paper was excluded by refinement. The articles published from 1980 to 2013 were retrieved. Table 1 shows the distribution of 7 document types. However, in this paper, review and articles were considered. The final filtered papers were ranked according to Journal Citation Reports (JCR), from highest to least cited on January 2014. The first 101 papers were selected and inputted into an Excel spreadsheet.
Several articles were cited more often than others because of the difference in time since publication. A citation index was also determined for each article to control this error. The citation index was defined as the mean number of citation times per year (Loonen et al., 2008 ). The 101 articles were then identified based on the number of citations and citation index value. The articles were classified based on article specifications, such as publication date, journal name, title, authors' names, organization, and country. The data collection method was categorized as a retrospective, prospective, cross-sectional, and longitudinal. The research design was likewise defined to be qualitative, quantitative or mixed mode.
Statistical analysis was performed using SPSS 19 (SPSS Inc., Chicago, IL). Nonparametric test of Kruskal Wallis was used to compare the differences with a confidence level of .05. 
Results

Citation, sources and year
Analysis of citation count provides the most frequently cited journals and articles (Nason et al., 2013) . According to the web of science categories, 43% were published in the environmental science category, followed by biotechnology applied microbiology (21%), engineering; environmental microbiology (15%), and engineering chemical (10%). The rest of the category covered less than 10%. Table 2 demonstrates the most frequently article published in the field of oil spill remediation with more than 100 times cited. Out of these 15 articles, twelve (81.2%) was published in 1990s, two ( The research area of top-cited articles was classified into 37 different fields. The major area was biotechnology followed by geochemistry and engineering.
"Time effect" serve as one of the parameters for citation analysis and known as a shortcoming of the citation [6] . According to time affect for the six top-cited articles (Fig 2) , the most articles being at disadvantage. In year 2011, Atlas (1981) gains the highest number of citation, follow by Macnaughton et al., (1999) 
Countries and authors of origin of the top 101 cited articles
The publication provided by different countries is estimated based on the location of affiliation of the one author of the top articles. Then the countries were ranked according to the number of total top cited articles (Table 3 ). The data presents that the most productive authors are from Canada with 14 articles followed the United States of America, France and Japan with 13, 12 and 9 top cited articles, respectively. There are many reasons behind the influence of the countries on a number of publications such as large area of research in their country; their higher research funds might be probable reasons. For instance, American journals are preferred to citing American articles which can be the reason for their dominance in this field (Khan and Ho, 2012) . Affiliation of at least one the author was used to estimate the contribution of the different institutions. Among the first 101 top-cited articles, Okayama University and University of Alberta were the most productive institutes with four articles followed by CSIC Department of Molecular Microbiology in Spain with three top-cited articles. Based on web of science information, 44% of the 101 top cited articles were single institution publications and 56% were collaborative publications. 23 articles were attributed to five authors and 22 articles to two authors, while the number articles with one author is 3 publications. Among 101 top-cited articles, the top five productive authors are shown in Table 4 . In other word, in quantitative terms, the authors with the most number of publications was Sakata, Y. with six articles and 305 times citations followed by Fedorak P. M. and Emsley, A.M. with five and three articles, respectively. 
Discussion
This study analysed the 101 most influential articles on disciplinary oil spill remediation techniques work journals published over the previous decade. There is no agreed upon criteria exist for selecting such journals (Thyer, 2001) . Generally, in every discipline, a number of studies have a significant impact on the development of a given discipline because they provide the basis for new procedures, methods, or concepts. Articles with the highest impact were obtained by counting the citation (ISI web of knowledge does not exclude self-citing) (Dumont, 1986; Ponce and Lozano 2010) . Through a systematic citation analysis, the current study aimed to identify scientific works in the remediation area. In addition, the journal citation report (ISI Web of Knowledge) as a dynamic database in which the journals are updated annually in each category. As a result, some of the articles with high number of citations which have been published in ISI journals may exclude, if the journals are not longer in ISI category. The journal impact factor is one of the known measures that measure a journal's significance within the corresponding field (Garfield, 1982) . In the current study, the journals were obtained from various fields, and the majority of which were from the field of Environmental Science followed by Although we were expecting a higher number, only 2% of the papers were review articles, whereas majority included original research articles (88%). These results are in contrast with the general belief that review articles had the highest number of citations (Dubin et al., 1993) . Our findings are consistent with those of previous studies on top cited articles in other fields (Baltussen and Christoph, 2004; Hennessey et al., 2009) . The findings might be associated with a preference for referring to experimental evidence rather than review articles or expert opinion. The six-year span of 1996 to 2003 had the highest number of top cited articles. The least number of articles were published in the 2010 to 2013 and 1980s with 1 and 18 articles, respectively. The citation rate has gradually risen over the last decade. This increase would seem logical because scientific papers are usually cited one or two years after publication and reach peak citation about 10 years after publication (Eshraghi et al., 2013) .
The chronological trend of top cited articles is in accordance with previous findings, and the results indicate that the peak recognition of important papers in a field can be obtained in a 10-to 20-year period (Albert, 1988) . None of the top cited articles came from Asia, and the majority originated from England, Canada and the United States. No relationship between country and citation was observed, which indicates that a study does not necessarily have to originate from a particular country for it to become top cited. The subject of an article which published in a journal shows the interest of the authors and tendency of the editorial board. However, the citation rate of an article represents its influence on the readers.
Result of publication countries analysis shows that England was published (n = 38) articles followed by United State (n = 29), Netherlands (n = 16), Germany (n = 4) and the rest of the countries had less than 3 publications. Also, Hundred of articles were published in English language and only one paper (rank = 82) was published in the French language in journal of Revue Française Des Corps Gras in 1987 with 26 times citation.
Limitations of present study
We recognize that our study has some possible methodological limitations. First, the journals have dissimilar attitudes to accept or reject a submitted manuscript. Therefore, specific journals could have stricter choice standards that might have affected the applicability or quality of their publications. The criteria might be a cause why most top cited papers were found in one journal.
Second, challenges and problems might arise from citation counts, such as ignoring potential citations in book chapters, considering self-citations, peers' preference to cite papers from the journal they submit their work, and preference to cite review articles or full-length articles. The quality of a work is best recognized by citation count and is a superior measure of an author's impact and originality of work compared with article counts (Bohannon and Dave 1991) . Next, chronological bias is possible in the current citation analysis because older articles can still be cited more often regardless of factual impact; whiles articles published more recently had inadequate time to have high citation rates. As a result, lately published articles might have been underestimated in terms of their impact (Bohannon and Dave 1991) . Thus, the probability of biases in citing a given article as a result of tendency to cite papers by colleagues, well-known authors, or reviewers should be acknowledged.
Conclusions
This study might be considered as the first report on the scientific papers in oil spill remediation. The findings represent that studies written in English mainly focused on remediation field and published in ISI journals are the most likely papers to be cited in this field. The articles had qualitative method. The results imply that the rate of citation does not necessarily determine the importance or impact of a specific publication.
